Silent myocardial ischaemia (SI) is recognised as an important prognostic factor in patients with coronary artery disease (CAD). Postprandial angina is related to severity of CAD. The effect of postprandial metabolic changes in the pathogenesis of SI is unclear. We studied the postprandial changes in glucose, insulin and triglyceride, and non-esterified fatty acids (NEFA) in relation to postprandial SI and exercise capacity, in patients with CAD. Forty elderly volunteers (63 ؎ 1 years) mean age ؎ s.e.m., with a history of angina were selected on the basis of a Rose questionnaire and a positive exercise stress test (modified Bruce protocol). The test meal contained 45% fat. The meal was consumed at 9.00 am and hourly blood samples were taken for glucose, insulin, triglyceride and NEFA. Continuous Holter monitoring for SI was conducted using a Space-
Introduction
Postprandial angina was initially described over 200 years ago 1 but has not been extensively studied. Recently, Bertinerblau and Shani 2 showed that postprandial angina is an indicator of severity of ischaemic heart disease and suggested that it is an indication for coronary angiography. The mechanism of postprandial angina is not established despite a number of mechanisms being proposed. 3, 4 Since ischaemic heart disease is a common problem in the elderly, postprandial silent ischaemia is also likely to occur frequently.
Silent ischaemia is well documented in stable and unstable angina pectoris and in hypertensive patients. 5 It is also an independent predictor for development of cardiac events in patients with hypertension and may be a predictor of sudden death. 6 Several studies have shown silent ischaemia occurring for 30-60 min over a 24-h period to have adverse clinical outcomes. 7 Monitoring for silent ischaemia in the post-infarction period has also been found to be of prognostic significance. [6] [7] [8] [9] Silent ischaemia has circadian distribution with a peak incident between 8.00 am and 9.00 am. 10 Although many studies investigating silent ischaemia and exercise-induced postprandial silent ischaemia have been documented, postprandial silent ischaemia using continuous ambulatory ECG monitoring has not been performed. We have studied the effect of a fatty meal on silent ischaemia in patients with documented ischaemic heart disease. Postprandial levels of glucose, insulin, triglycerides, and non-esterified fatty acids (NEFA) have been shown to have an effect on postprandial angina. 11, 12 It is unclear if they have any effect on postprandial silent ischaemia. To study this effect we measured hourly glucose, insulin, triglyceride and NEFA in the postprandial period.
Subjects and methods
Volunteers were recruited from subjects presenting on a self referral basis with chest pain to the Health 2000 Screening Clinic at the Anti-Cancer Council of Victoria and to the Risk Assessment Clinic of the Baker Medical Research Institute, Melbourne, Australia. All attendees at both clinics were asked to complete a chest pain questionnaire.
Subjects whose replies were considered to possibly indicate cardiac ischaemic of recent onset were then invited to attend for a stress ECG test, performed on a moving treadmill using a modified Bruce protocol. Subjects with greater than or equal to 1.5 mm ST segment depression were considered positive for coronary heart disease (CHD). These subjects were then invited to participate in the meal study, which was arranged within 7 days. No medication other than short-acting nitrates was prescribed between the diagnostic ECG and their meal study day. Subjects however did continue with any pre-existing medication during this time. The test meal used was designed to give a morning meal of approximately 66% of the anticipated daily requirements. It contained 45% fat, 35% simple carbohydrate and 20% protein.
Subjects attended the laboratory by 8.30 am on the day of the study having fasted, apart from clear fluids, from the previous midnight. Their test meal was consumed within 30 min of the first (fasting) blood sample and only clear fluids were consumed during the postprandial observation period study. Further blood samples were withdrawn hourly for 8 h after the start of the meal.
Holter monitoring was performed using a Spacelab 2000 Holter monitor. Monitoring was commenced immediately after the breakfast and was continued for 8 h. An independent observer reported all recordings. An ST segment deviation (elevation or depression) of 1 mm without chest discomfort lasting more than 60 sec and separated from a previous episode by a minimum of 60 sec was counted as an episode of silent ischaemia. The total duration of the shift of the segment by more than 1 mm was a measure of silent ischaemia. Both the number of silent ischaemia episodes and duration were calculated for each hour postprandially. Glucose, insulin, triglycerides, and NEFA were assayed from the blood samples obtained hourly.
Data and statistical analysis
Data were tabulated and analysed using the SPSS for Windows version 6.0. Baseline characteristics of subjects were compared using Student's t-test. Hourly postprandial glucose, insulin, triglycerides and NEFA were compared using repeated measures analysis of variance. The Alfred Hospital Ethics Committee approved the study and all participants signed an informed consent form at the time of enrollment into the study.
Results
Ten subjects (group 1) developed silent ischaemic episodes in the postprandial period whereas 30 (group 2) did not (Table 1) . Silent ischaemia occurred more frequently in the first 2 h postprandially but decreased in the later hours (Figure 1) .
The mean duration of exercise time was 6.1 ± 0.8 minutes in group 1 compared with 6.8 ± 0.5 minutes in group 2 (P = 0.48). The time to onset of depression during exercise tests was also not significantly different in the two groups.
There was the expected postprandial rise in postprandial glucose, triglycerides and insulin in NEFA (Table 2 ). However there were no difference in the metabolic parameter between those developing and not developing SI postprandially (Table 2) .
Discussion
This study demonstrates that, of newly diagnosed ischaemic heart disease based on symptoms and positive exercise test, 25% have postprandial silent ischaemia. Silent ischaemic episodes are now welldocumented as a major risk factor for prognosis both in retrospective and prospective trials. Early treatment with revascularisation has been shown to improve prognosis. 6 Postprandial angina has been well studied. 3, 4, 11, 12 Postprandial silent ischaemia has not been studied extensively. Studies in volunteers have shown that postprandial exercise tolerance is reduced in 
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83.0 ± 7.0 65.0 ± 9.5 59.0 ± 6.3 (group 2) patients with angina and this is dependent on the composition of meals eaten. 11 Postprandial angina has been attributed to increased heart rate and cardiac output. 3, 4 Cardiac output may increase up to 30% following a modest meal. 13 The other process, which may contribute to postprandial silent ischaemia, is an increase in peripheral resistance. Both may be related to increased sympathetic actively. There is a diurnal variation in secretion of catecholamines and peak duration of silent ischaemic episodes have been documented
Journal of Human Hypertension between 8.00 and 9.00 am. 10 All our studies commenced after 9.00 am and were conducted at the same time and hence an effect of circadian rhythm is unlikely. Heart rates were similar in the two groups. However, the silent ischaemic episodes occurred only in 10 subjects suggesting that there are factors other than heart rate responsible for the development of postprandial silent ischaemia.
Postprandial ischaemia is related to the content of the meals. 4, 11, 13, 14 All subjects received identical standardised meals as described in the methods. A previous study in elderly subjects did find an increase in triglycerides postprandially in subjects with silent ischaemia. 14 The relationship between postprandial triglycerides, glucose, insulin, and coronary heart disease has been well studied. 12 In our study, there was no statistically significant difference in any of the parameters between patients with and without silent ischaemic episodes. However, postprandial triglyceride levels tended to be higher in the group with silent ischaemia suggesting a possible pathogenic role.
Limitations of the study
The major limitation of this study is the absence of ECG recording prior to the meal so that the apparent decline in ischaemia postprandially could reflect diurnal variation. In addition metabolic parameters did not include lipoprotein subfraction.
Conclusion
In conclusion, after a standard meal, 25% of patients with ischaemic heart disease have episodes of silent ischaemia. In view of the prognostic implications of silent ischaemia this may provide a valuable diagnostic tool in older subjects unable to exercise. The occurrence of silent ischaemia could be related to the metabolic parameters studied or to the differences in heart rate.
